We present AGN from the Sloan Digital Sky Survey (SDSS) having doublepeaked profiles of [O iii] λλ 5007, 4959 and other narrow emission-lines, motivated by the prospect of finding candidate binary AGN. These objects were identified by means of a visual examination of 21,592 quasars at z < 0.7 in SDSS Data Release 7 (DR7). Of the spectra with adequate signal-to-noise, 148 spectra exhibit a double-peaked [O iii] profile. Of these, 86 are Type 1 AGN and 62 are Type 2 AGN. Only two give the appearance of possibly being optically resolved double AGN in the SDSS images, but many show close companions or signs of recent interaction. Radio-detected quasars are three times more likely to exhibit a double-peaked [O iii] profile than quasars with no detected radio flux, suggesting a role for jet interactions in producing the double-peaked profiles. Of the 66 broad line (Type 1) AGN that are undetected in the FIRST survey, 0.9% show double peaked [O iii] profiles. We discuss statistical tests of the nature of the double-peaked objects. Further study is needed to determine which of them are binary AGN rather than disturbed narrow line regions, and how many additional binaries may remain undetected because of insufficient line-of-sight velocity splitting.
Introduction
Binary quasars are a rare but important aspect of galactic evolution and the AGN phenomenon, as reviewed by Komossa (2006) . Studies of the nature and incidence of binary quasars provide insight into galaxy mergers at substantial look-back times and into the fueling of AGN by accretion onto supermassive black holes. According to current cosmological models, many large galaxies have undergone at least one major merger. A likely mechanism for AGN fueling is the migration of gas caused by tidal torques in a merger. Therefore, one might expect to see a substantial number of binary quasars.
Evidence for binary AGN includes peculiar morphologies of radio galaxies, X-ray resolved double nuclei, and optically resolved double QSOs. Out of 10 5 QSOs, only ∼ 10 2 optical binary quasars are known (Foreman et al. 2009 , and references therein). Most have spacings of 10 kpc or more, and lie at z ∼ 2 to z ∼ 3, where study of the host galaxy is difficult. Binaries with smaller separations include a 2 kpc (0.3 arcsec) optical example at z = 0.848 observed with HST by Junkkarinen et al. (2001) , and the ULIRG NGC 6240 with a double X-ray nucleus separated by 1.4 kpc (Komossa 2003) . Both authors argue that the observed incidence of such close binaries is roughly 100 times less than might be expected if the fueling of one black hole giving QSO activity at the relevant stages of a merger mandates the fueling of the second black hole. A single, much closer (7 pc) binary AGN candidate is the radio galaxy 0402+379 (Rodriguez et al. 2009 ). Additional examples of optically resolved binary AGN include a z=0.36 galaxy from the COSMOS survey with a spacing of 2.5 kpc (Comerford et al. 2009b ) and a z=0.44 binary quasar with a spacing of 21 kpc (Green et al. 2010) .
The narrow emission lines of AGN offer a potential indicator of binary AGN at intermediate separations of ∼ 1 to 10 kpc. The radius of the narrow emission-line region (NLR) is typically a few hundred parsecs, so that such objects should have distinct NLRs orbiting with each of the merging nuclei with its black hole. Typical orbital velocities in galaxies are of order a few hundred kilometers per second, similar to the widths of AGN narrow lines. If two adjacent narrow-line regions in a merging system were detected by a single spectrograph slit or fiber, a double-peaked emission-line profile could result. This provides a technique for identifying candidate binary AGN that are spatially unresolved. Several examples have already been discussed in the literature (Zhou et al. 2004; Gerke et al. 2007 ). Comerford et al. (2009a) have studied AGN with narrow lines displaced in velocity from the host galaxy as possible examples of galactic mergers in progress, including two objects with double-peaked narrow lines.
We have carried out a search for double-peaked narrow line profiles, primarily the [O iii] lines, in quasar spectra from the Sloan Digital Sky Survey 1 . The goals of this work were to identify interesting individual objects for study, and to constrain the frequency of binary quasars in the relevant regime of separation. This search has identified 148 double-peaked [O iii] objects, with velocity splittings between 180 km s −1 and 1400 km s −1 . This includes roughly equal numbers of AGN 1 (broad lines) and AGN 2 (narrow lines only). Here we describe the search and the double-peaked objects, consider alternative causes of the doublepeaked profiles, including bipolar jets and disk rotation, and discuss statistical inferences for AGN fueling in merging galactic nuclei. We assume a concordance cosmology with H 0 = 70 km s −1 Mpc −1 , Ω Λ = 0.7.
Recently, two independent studies by Liu et al. (2009) and Wang et al. (2009) have appeared, involving narrow line AGN 2 selected from the SDSS galaxy database. These authors find a similar incidence of double [O iii] objects to that found here. The two studies are complementary to ours, in that our work emphasizes broad line objects.
Sample and Method
Our spectra are obtained from SDSS DR7, which contains 21,592 QSO spectra within our redshift range, 0.1 < z < 0.7. Because it is possible to have strong [O iii] emission despite a noisy spectrum, we imposed no a priori signal-to-noise (S/N) cutoff. We conducted a visual inspection of the spectra in the region of several key emission lines. Our primary search criterion was a double-peaked [O iii] profile in both λ5007 and λ4959, consistent with the 3:1 intensity ratio fixed by atomic physics. Once these objects had been identified, a more thorough inspection of each double [O iii] velocity split within about 10%, similar to the measurement accuracy. In a few more cases, the S/N allowed qualitative confirmation of the split by visual inspection. It appears that the split is seen in [Ne v] whenever the S/N is adequate to see it, Thus, the double-peaked profile extends to higher ionization lines in most if not all cases. However, [Ne v] was rarely useful to confirm an [O iii] split that was not already confirmed by other lines.
Objects were grouped into two categories, "good" and "marginal." Marginal objects are questionable cases due to low S/N, bad sky subtraction, and most often, failure of λ4959 to reproduce the intensity ratio of the components in λ5007. Our objects are listed in 1 and their radio properties (see discussion below) are given in 2. components, and to have a measure of the velocities independent of the cursor measurements described above, we carried out double Gaussian fits to the spectra of our double-peaked objects. The procedure assumed two Gaussians for the two components of the λ5007 and λ4959 lines, with adjustable velocity, FWHM, and flux, and the 3:1 intensity ratio required by atomic physics. The continuum in the vicinity of [O iii] was fit with a second-order polynomial. The fit was optimized in a least-squares fashion. This procedure achieved a good fit to the total observed line profile in 106 of the 148 objects. For some of these objects, however, a visual inspection suggests that there could be substantially different choices for the amount of flux in the two components. For 85 of the 106 successful fits, we judged that the allocation of flux to the two components was unambiguous; these values are given in in Table 3 . We found reasonable agreement between the velocities measured with SPLOT and the Gaussian fits. For example, the difference between the SPLOT and Gaussian redshifts of the red [O iii] component had a mean of 16 km s −1 and an r.m.s. scatter of 50 km s −1 in the rest frame. In most of the cases with a larger discrepancy, inspection of the fits suggested that the SPLOT measurements were more reliable, perhaps because the [O iii] line is typically more sharply peaked than a Gaussian. We have used the SPLOT velocities below; use of the Gaussian velocities would not alter our conclusions.
Host galaxy velocities were determined by cross-correlating a template galaxy spectrum with the observed spectrum with the aid of the IRAF routine FXCOR used in interactive mode. All 148 of the double [O iii] spectra were visually examined in the region containing the MgB and NaD lines. If these features were visually detected (73 objects), the spectrum was tagged and converted to a linear wavelength scale spanning 3600-8500Å with dispersion of 2.0Å/pixel. The cross-correlation template was generated with the same wavelength scale and dispersion, using an early type galaxy SDSS spectral template. FXCOR was used to cross-correlate each galaxy spectrum with the template. A cubic spline was used to model and subtract out the mean continuum shape and a cosine bell was used to apodize 1% of each 1D spectrum at both ends. Interactive options were used to cross-correlate the spectra only around the MgB-NaD region of the spectrum. If a well defined cross-correlation peak was not visible, the cross-correlation output was rejected. This procedure was successful for 67 objects, of which 46 have [O iii] component fluxes in Table 3 . Table 1 gives the host galaxy redshift. The host redshifts have an average uncertainty of 45 km s −1 in the rest frame, with a maximum uncertainty of 95 km s −1 .
Double-Peaked [O iii] Objects
We have a total of 148 double-peaked [O iii] objects, listed in Table 1 . Objects with an asterisk exhibit either binarity or signs of interaction in the Sloan image. Also given are the SDSS redshift, the velocity separation of the [O iii] peaks, the continuum luminosity νL ν (5100) , and the AGN type (1 if broad emission lines are visible). The "Quality" column denotes whether the object is good, g, or marginal, m. There are 78 good and 70 marginal objects. While marginal objects do have a listed velocity splitting, these measurements are uncertain in some cases. Figure 1 gives spectra for three representative objects. Figure 3 gives the SDSS multi-color images of the eight visually interesting objects. Two of these, J1316+17 and J1441+09, are included because they exhibit numerous smaller companions within a close radius. Three of the images appear to consist of two or more individual galaxies at very close proximity: J1245+37 and J1307+46 appear to show pairs of galaxies centered on the SDSS fiber, and J1157+08, shows three galaxies in a linear arrangement.
J0942+12 exhibits large tidal tails in the image, suggesting recent interaction. However, the nucleus itself does not appear binary.
J1001+28 may be a major merger between a large spiral and a spiral or elliptical. While the fiber width is not enough to encompass the NLRs of both objects, the galaxy is clearly undergoing interaction. J1516+18 (not shown) has 1.3 Jy of radio flux, an order of magnitude larger than any other object in our sample. The object is a good double [O iii], although the velocity split which is clear in [O iii] is not seen in other lines.
J1517+33 is discussed at length in Rosario et al. (2010) . It has emission line knots that straddle the stellar nucleus in velocity and position. The double peaked profile appears to be the result of a bipolar radio jet.
Statistical Results
We did not impose an a priori S/N cutoff, in order to avoid missing noisy but interesting objects with strong [O iii] lines. However, some of the SDSS spectra did not have sufficient S/N to show the typical [O iii] double peaks displayed by our objects. Therefore, for statistical analysis, we must estimate what fraction of the full quasar sample had sufficient quality to be considered the parent sample of our double-peaked objects. We find by inspection of a substantial subset of the 21,592 objects that only 40% ± 10% of spectra are viable in the sense that the double peaks of λ4959, as present in a typical "good" object, would be clearly distinguishable from the noise. While subjective, this estimate is reasonably sound because of the strong contrast between the S/N of the better and worse spectra. Moreover, there are larger uncertainties in the analysis below, such as corrections for binaries with line-of-sight velocities too small to give a double-peaked [O iii] profile (see below).
An issue for statistical analysis is the presence of some AGN 2 in the SDSS quasar download, numbering about 2.1% of the full sample. Interestingly, 42% of our objects are narrow-line objects, so that the Type 2 objects are twenty times overrepresented among our double [O iii] objects. We believe this to be a selection effect. SDSS defines a quasar as having one or more emission lines with FWHM of at least 1000 km s −1 , intended to eliminate narrow-line objects. Evidently, the pipeline failure responsible for the presence of some AGN 2 in the parent sample is influenced by a double-peaked profile. Because of this dramatic selection effect, we omit the Type 2 objects from our statistical analysis.
After subtracting 2.1% for the Type 2 objects, we have a parent sample of 8,452 viable Type 1 spectra. Our 86 Type 1 double [O iii] objects amount to 1.0% of the parent sample; 42 of these (0.50% of the parent sample) are "good". Our incidence of 1.0% double-peaked AGN 1 is similar to the incidence of 1.1% for AGN 2 in the study of Liu et al. (2009) .
Our double-peaked AGN were cross-referenced with the FIRST radio catalogue (Becker et al. 1995) . Only four of our objects were outside the footprint of the FIRST survey. FIRST detects 20 cm radio flux for 27% of our Type 1 objects (detection limit 1 mJy), as compared to only 9% FIRST detections in the overall SDSS quasar catalogue in our redshift range (Schneider et al. 2007 ). In other words, radio detection is three times overrepresented among our double-peaked [O iii] objects. This suggests that radio jet interaction is often the cause of the double-peaked [O iii] profiles. Such interactions in the NLR are well known (e.g., Whittle & Wilson 2004; Whittle et al. 2005 , and references therein). One of our double [O iii] objects, J1517+33, appears to involve such an interaction. It is a narrow-line object with a FIRST radio flux of 107 mJy and two bright optical regions near its nucleus in the Sloan image. Subsequent observations of this object with the VLA have shown a doublelobed radio structure at the same orientation and position as the bright optical regions. This object is discussed in Rosario et al. (2010) .
We give the radio fluxes, luminosities, and the Kellermann et al. (1989) radio loudness parameter in Table 2 . We adopt the radio-loudness conventions used in Kellermann et al. (1989) . The ratio R = F r /F o measures the ratio of 6 cm radio flux density to 4400Å optical flux density. If 0.1 < R < 1, we call an object radio quiet, 1 < R < 10 is radio intermediate, and 10 < R < 100 is radio loud. If an object is not detected in the FIRST sample, we refer to it as radio undetected. It should be noted that the lack of a FIRST detection does not indicate a total absence of radio flux, or of radio jets. High redshift objects with no FIRST detection may have marginal flux which could have been detected at lower redshifts, and orientation of the radio source can affect detected flux. Therefore some objects with radio jets may fall below the FIRST detection limit.
Additionally, Type 2 spectra are dominated by the light of the host galaxy, which clouds the meaning of the radio-to-optical flux. Consequently, the R ratios given in Table 2 for Type 2 objects should be taken with caution. Because our study focuses on broad-line objects and we omit the AGN 2 from our statistical interpretation, this issue does not affect our conclusions.
Because of the likelihood of radio jets causing the double-peaked signature, we consider our best candidates for true binaries to be those with no FIRST radio detections. Discarding 9% of the parent sample to allow for FIRST-detected objects, our parent sample consists of 7,692 quasars. Our double-peaked sample consists of 66 radio undetected broad-line objects, those we consider to be the best prospects. This is 0.9% of the total number of viable SDSS radio undetected broad-line quasars. If we use only the "good" objects, 29 remain, which is 0.38% of the parent sample. Figure 4 shows the relationship between the redshift and the velocity split for our double-peaked AGN. Objects at greater distance are typically at higher luminosity, and more luminous objects tend to have wider [O iii] lines (Salviander et al. 2007 , and references therein). Accordingly, a larger velocity difference would be necessary for a resolved doublepeaked profile. It would make sense, therefore, that as redshift increases, observed velocity splits should also increase. However, we find that the opposite is true. It appears that at high redshifts, the typical velocity splitting actually decreases, although the statistical sample is small.
When the redshift plot is made separately for AGN 1 and AGN 2, a distinctive gap is seen among the AGN 2 between redshifts 0.3 and 0.5. In a control sample of the SDSS AGN 2 in our quasar download, we also see a gap in that redshift range. We assume therefore that the gap results from the failure in the SDSS pipeline that allowed some AGN 2 into the quasar sample in the first place.
For our entire set of double-peaked objects, the redshifts range from z = 0.100 to 0.686 with a mean of 0.33. For our "good" AGN 1, the average EW is 86Å. For the Type 1 objects with host galaxy redshifts, the midpoint in velocity between the red and blue components averages +33±29 km s The "good" objects are definite cases of double-peaked [O iii] profiles. The split is confirmed with good S/N and velocity agreement in λ4959, and in other narrow lines when there is adequate S/N. For the marginal cases, the confirmation is less compelling in λ4959, and the S/N may be inadequate in other lines. In order to estimate the frequency with which noise might give the appearance of a double-peaked [O iii] profile, we examined a set of simulated single-peaked spectra for 1,773 SDSS quasars computed by Salviander et al. (2007) as a test of their procedures. These objects are typical of our double-peaked sample in terms of [O iii] strength and continuum S/N. The simulated spectra reproduce the observed emission lines for each quasar, using a Gauss-Hermite fit to the lines in the original spectrum as described by Salviander et al. (2007) , along with a power-law continuum approximating the observed continuum in the [O iii] region. Gaussian random noise was added pixelby-pixel using the noise amplitude given in HDU3 of the SDSS spectrum. For the present purposes, the simulated spectra were visually inspected in the same manner as our actual SDSS parent sample. In no case did a double-peaked λ5007 profile appear as a result of noise that would have met our standards even for a "marginal" object. We conclude that all of the "good" and most of the "marginal" objects are in fact genuine double-peaked [O iii] AGN.
Binary AGN?
Our search was motivated by the prospect of discovering binary AGN. How many of our objects are actually binaries? The Type 1 objects have broad emission lines and are clearly AGN. The Type 2 objects have large equivalent widths of [O iii], a typical [O iii]/Hβ intensity ratio ∼ 10, characteristic of AGN, and sometimes show He ii λ4686 or [Ne v]. This indicates that most are indeed AGN. As noted above, alternative interpretations of doublepeaked [O iii] profiles include jet interactions and rotation. One of our Type 2 objects, J1517+33, is spatially resolved but is clearly an example of a radio jet interaction with the NLR (Rosario et al. 2010) . Another of our objects, J1129+60, was observed with the VLA by Rosario et al. It also has kpc scale radio structure and may involve jet interaction. The majority of the radio undetected objects show double-peaked line profiles of a type that could reasonably occur for a binary AGN. One AGN 1, J1307+46, shows two spatially resolved optical sources separated by 3 arcsec (15 kpc). The others are unresolved in the SDSS images and may be candidates for binary AGN at spacings less than about 5 kpc, depending on redshift. High resolution imaging in the optical, radio, and X-ray is needed to help determine which are actually binary AGN. Pending such studies, can other arguments offer guidance as to which objects are binaries or disturbed NLRs, or at least indicate the proportions of such objects in our sample?
Velocity separation
The velocity separation of the double peaks is plausible for binary AGN in most cases. For a circular orbit in the gravitational potential of an isothermal sphere of velocity dispersion σ * , the orbital velocity is 2 1/2 σ * (Binney & Tremaine 1988) . For an eccentric orbit, the pericentric velocity could be several times σ * . Our "good" radio-undetected Type 1 objects have a mean value log M BH = 8.13 solar masses, based on the broad line width and continuum luminosity using equation 2 of Shields et al. (2003) . (This refers to a subset of 13 objects with the best determined M BH .) This corresponds to a host bulge velocity dispersion log σ * = 2.30 km s −1 based on the M BH − σ * relationship as given by Tremaine et al. (2002) . The mean [O iii] velocity split is log ∆v = 2.52 in km s −1 ; ∆v/σ * averages 1.7 with a range of 1.0 to 6. A precise prediction of ∆v/σ * for binary AGN with double [O iii] is difficult because of unknown orbital parameters and a selection for binaries whose relative velocity vector is oriented parallel to the line of sight. In any case, the largest separations that we see, up to 1400 km s −1 , seem rather high for mergers and may represent cases of a bipolar jet.
Line intensity ratios
The utility of emission line ratios to distinguish binaries from disturbed NLRs is unclear. Jet interaction sources may involve gas dynamically affected by the jets but still photoionized by the AGN continuum and showing normal photoionization line ratios (e.g., Whittle et al. 2005) . Binarity could conceivably affect the NLR line ratios, particularly from spacings < 1 kpc approaching the size of the NLR itself. For our radio-undetected "good" Type 1 objects, average values are EW(λ5007) = 72Å and F (λ3727)/F (λ5007) = 0.24, where λ3727 refers to the combined intensity of the [O ii] doublet. These values are not significantly different from a control sample of comparable non-double [O iii] SDSS quasars, and the
ratio is typical of power-law photoionized objects (Baldwin et al. 1981) . The [O i] λ6300 line is measureable in only a fraction of our objects. For those objects, the average value of I(λ6300)/I(λ5007) is 0.11, similar to a comparable control sample; and these objects lie in the power-law photoionized region of the Baldwin et al. (1981) . For our radio-detected "good" Type 1 objects, average values are EW(λ5007) = 128Å and F (λ3727)/F (λ5007) = 0.17. The greater strength of the narrow emission lines in radio loud AGN is well known. The mean values for [O ii]/[O iii] differ by less than 2 σ between the radio-detected and undetected samples. Given the impact of radio emission on the narrow lines for normal (non-double peaked) AGN, comparisons of line intensities for radio-detected and non-detected objects may not give clear guidance as to which double-peaked objects are binaries or jet-interactions.
Differential reddening of the red and blue components of the double-peaked narrow lines may offer a diagnostic (M. Whittle, private communication) . Such a reddening differential is expected for bipolar jets but not for binary AGN or a rotating disk geometry. If there is distributed reddening in the NLR, the blueshifted component, being on the near side of the AGN, may show less reddening than the redshifted component. Allowing for noise, blending, and redshift, only a handful of our objects would allow a reliable assessment of the Hα/Hβ intensity ratio for the two components separately, too few for a meaningful test. For our objects with measured [O iii] component fluxes, the red/blue ratio is F r /F b = 0.90 ± 0.10 for the AGN 1 and 1.30 ± 0.20 for the AGN 2 (standard error of the mean). These values give no clear indication of a systematic difference in extinction, but the uncertainty is large, reflecting the scatter among individual objects in F r /F b .
In a study of narrow line AGN in SDSS with double-peaked [O iii] profiles, Liu et al. (2009) find that the intensity ratio of [O iii] to Hβ is typically rather similar in the red and blue velocity components. This is suggestive of a common ionizing source and may favor jets or disks over binary AGN for most objects, at least in their sample.
Virial test
In an independent study of AGN 2 with double-peaked profiles, Wang et al. (2009) examine the relative velocity offset of the [O iii] red and blue components (v r /v b ) in relation to their relative intensities (F r /F b ). They find that the brighter component tends to be closer to the velocity of the host galaxy. They argue that this is consistent with orbital motion of a binary galactic nucleus, assuming that the brighter emission-line component typically comes from the more massive black hole (and associated stellar cluster) that would normally have the lower orbital velocity,
We have examined our own data set for the trend found by Wang et al. We considered separately the AGN 1 and AGN 2, using flux determinations for the two [O iii] line components as given in Table 3 . The results are shown in Figure 5 . There is little indication of the claimed virial trend for our AGN 1 sample. Unfortunately, the number of useful AGN 1 is only 13. This includes 7 objects with v r /v b > 1 and 6 objects with v r /v b < 1. For these AGN 1 and AGN 2, respectively, the average values are v r /v b = (2.33, 0.65) and F r /F b = 0.92, 1.04. These values are consistent with no dependence of velocity offset on flux ratio at the 1 σ level, but they differ by 4 σ from the reciprocal relation predicted by the virial argument of Wang et al. For our AGN 2, Figure 5 suggests some inverse relationship between the velocity and flux ratios, considerably weaker than (v r /v b ) −1 . However, the sample is small (23 useful objects), and our AGN 2 sample is subject to unknown biases, as discussed above.
Luminosity dependence
One of our objects, SDSS J131642.90+175332.5, was the subject of a detailed study by Xu & Komossa (2009) . These authors consider alternative explanations of the doublepeaked lines, including a binary AGN, biconical outflow, jet-cloud interaction, and other complexities in the NLR geometry. They suggest that binaries might be more common in quasars than in Seyfert galaxies, on the assumption that major mergers are more often involved in fueling quasars. We have examined our sample for such a trend. For luminosity bins log νL ν (4400Å) in the ranges (<43.5, 43.5 -44.0, 44.0 -44.5, 44.5 -45.0, > 45.0), the number of AGN 1's in our sample is (4, 20, 34, 24, 4) . These counts represent (0.35, 0.30, 0.39, 0.74, 1.13) percent of the number of objects in the parent sample in the corresponding luminosity bins. For reference, the Seyfert/quasar boundary is M B = −21.5 + 5 log h (Peterson 1997) , corresponding to log νL ν (4400Å) = 44.44. The incidence of double peaks increases roughly a factor of two across our range of luminosities. This resembles the factor of two increase in the incidence of double-peaked [O iii] with increasing [O iii] luminosity found by Liu et al. (2009) in their study of AGN 2. This could be indicative of a substantial number of binaries among our sample. However, the origin of bipolar jets in AGN is not fully understood, and jets affecting the NLR could be more common in higher luminosity AGN.
AGN 1 versus AGN 2
We suggest here another statistical argument involving the velocity splitting that may give an indication of the nature of the double-peaked narrow line AGN. This involves a comparison of the typical velocity separation for Type 1 (broad lines) and Type 2 AGN (narrow lines only). In the unified model of AGN (Urry & Padovani 1995) , AGN 1 are viewed relatively close to the disk axis, whereas AGN 2 are viewed closer to the disk plane. In AGN 2, the "dusty torus" obscures the central continuum source and BLR. Thus, the typical velocity projection onto the line of sight may differ between AGN 1 and AGN 2.
(1) In the bipolar jet picture, the observed splitting is a function of the observer's location relative to the jet axis, V = V 0 cos θ where V 0 is the true velocity separation. In the unified model, on average, AGN 1 should have larger observed velocity separations than AGN 2. Consider a simple model in which all objects have the same V 0 , and in which all objects have a torus opening angle of 45 degrees. Let w 1 , w 2 represent the average observed velocity splitting for AGN 1 and 2 respectively. Then for AGN 1, w 1 = V 0 cos θ , where the average is over polar angles of 0 to 45 degrees; and for AGN 2, the range of θ is from 45 to 90 degrees. This gives cos θ = 0.85 for AGN 1 and 0.35 for AGN 2, so that w 1 /w 2 = 2.4. However, this exaggerates the effect, because there is a minimum splitting for the double-peaked profile to be resolved. Our results suggest a value for this V min of about 200 km s −1 . For a rough estimate of this correction, let us take V 0 = 500 km s −1 , based on the mean splitting for our AGN 1. Thus, AGN with cos θ < 0.4 will not show double peaks. The range of polar angles for AGN 2 to show double peaks is then 45 to 66 degrees, giving cos θ = 0.55 and w 1 /w 2 = 1.54. (2) In a rotating disk model with circular velocity V rot , the observed velocity splitting is V = V 0 sin θ, where V 0 = 2V rot . By a similar procedure to that above, we find w 1 /w 2 = 0.53 for V min = 0 or w 1 /w 2 = 0.63 using V min = 200 km s −1 . Thus, the sense of the difference between AGN 1 and 2 is reversed from the jet case, but the magnitude of the effect is similar. (3) For binaries, the prediction is less clear. Observationally, only one of the two AGN need be a Type 1 for broad lines to be observed. If the dusty tori of both objects tend to be coplanar with the orbit, then the situation resembles case (2) above for a rotating disk, and AGN 1 might show smaller velocity separations than AGN 2. If there is little correlation between the orbital plane and the dusty tori, then w 1 and w 2 should be similar. 41.30 erg s −1 is an order-of-magnitude smaller than for our sample.
Line-of-sight correction
The width of the narrow emission lines correlates with σ * empirically, with log (Nelson & Whittle 1996; Bonning et al. 2005) . The profile will appear double-peaked if the velocity separation is greater than ∼ σ [O III] . Given that the orbital velocity of a binary should be of this order (see above), one might expect that some binaries will show a double-peaked [O iii] profile and others will not. Moreover, a substantial fraction of binaries may be at a low velocity phase of an eccentric orbit, and many will have their relative velocity vector close to the plane of the sky. The true number of binaries (or otherwise disturbed NLRs) may be several times larger than the number of double-peaked objects observed. Zhou et al. (2004) estimate that this correction may be an order-of-magnitude. Thus, if a large fraction of our radio-undetected Type 1 objects are binaries, then the implied true incidence of binaries is as large as ∼ 10%. However, such a large fraction of binaries appears to conflict with the statistics of spatially resolved AGN (see below). This in turn suggests that only a small fraction of the double-opeaked [O iii] objects are in fact binary AGN.
Fueling of Binary AGN
The role of mergers in fueling AGN activity is an important topic of study. While seemingly undisturbed AGN are observed, high resolution imaging of quasars shows close companions and and features of gravitational interaction in many cases (e.g., Bahcall et al. 1997; Bennert et al. 2008) . Simulations of galactic collisions with gas show that tidal torques lead to concentrations of gas in each nucleus after the first close encounter, and in the nucleus of the final merger product (Hopkins et al. 2006 , and references therein). It seems likely that a large fraction of luminous AGN are triggered by mergers. This suggests that binary AGN would be a common occurrence.
As noted above, the incidence of known close binaries at 1 or 2 kpc separation is only ∼ 10 −3 , and it has been argued that this is lower than expected if both black holes in a merger are fueled independently (Junkkarinen et al. 2001) . A similar conclusion is also reached by Foreman et al. (2009) , in a study of optically resolved binaries in the 10 to 100 kpc range. In our case, a typical redshift is z ∼ 0.3, and a 1 arcsec limit on our unresolved objects corresponds to ∼ 5 kpc. What might one expect for the number of binaries in this range of separation? For an orbital velocity of 300 km s −1 and radius of 3 kpc, the orbital period is t orb ≈ 10 7.8 yr. Dynamical friction causes the orbit to decay on a timescle t df of a few times t orb ; for typical parameters for our objects, t df ≈ 10 8.9 yr (Junkkarinen et al. 2001 ). The lifetime of an AGN outburst is often estimated to be the Salpeter growth timescale t AGN ≈ 10 7.6 yr. Thus, the duration of an AGN outburst could be a substantial fraction of t df . The fact that the galaxy is observed as an AGN implies that at least one black hole is currently fueled. If fueling of each hole occurs independently, then the probability that a given AGN will have both holes fueled as a binary AGN is p bin ≈ t AGN /t df ≈ 10 −1.3 . This assumes that most AGN are triggered by mergers. This theoretical estimate is considerably larger than our observed ∼ 1% incidence of double [O iii] objects but similar to the above 10% estimate after correction for unresolved double [O iii] objects. It is doubtful that the true incidence of binary AGN is so high, however. The number of resolved binary QSOs at the 2 kpc scale and the 30 kpc scale is ∼ 10 −3 in both cases, based on objects at typical redshifts of 1 to 3 (Junkkarinen et al. 2001; Foreman et al. 2009 ). If these indications of a low binary rate carry over to our redshift and separation range, this may imply that most of the double [O iii] objects are in fact single AGN with a disturbed NLR. A low number of optically visible binary AGN could result from a delay in fueling of the black holes until the orbital separation has decayed below the kpc scale, or obscuration of most binary AGN at kpc separations by massive amounts of dusty gas (Hopkins et al. 2006) . In this context, it is interesting that ultraluminous infrared galaxies (ULIRGs) often show nuclear spacings of one or several kpc (Sanders & Mirabel 1996) .
Conclusion
We have found that approximately 1% of broad-line SDSS quasars at 0.1 < z < 0.7 have double-peaked [O iii] line profiles, and other narrow lines show similar velocity splittings when the data quality is sufficient. In most cases, the magnitude of the velocities is consistent with orbital motion in binary AGN with distinct NLRs. However, many of the objects, including those with FIRST radio detections, are likely disturbed NLRs involving bipolar jets or other complexities. We have discussed a number of potential statistical tests of which mechanism accounts for most of the double-peaked objects, but available data are not definitive.
AGN with double-peaked narrow lines are interesting individual targets for detailed study. In addition, they offer a potential way to assess the probability of simultaneous fueling of both black holes in a galactic merger. In order to realize this potential, further study of these objects, including high resolution imaging in the radio, optical, and X-ray, is needed to determine which of them are actually binary AGN. Figure 3 gives the SDSS image of J1307+46. In our full sample, the red and blue peaks are stronger with roughly equal frequency. See text for discussion. There appears to be a slight trend toward fewer large splittings at larger redshifts. The graph is color-coded for radio-loudness, where this parameter is determined by the Kellerman R ratio. The gap at z ∼ 0.3 to 0.5 for the AGN 2 is an artifact. Note that radio detection by FIRST is redshift dependent. See text for discussion. 
